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The Robert Bruce Wallace Lecture

The jecture has been eatablished by a gift from Mr.
and Mra. A. H. Chattleld 1o bring advanced ideas In
ocean engineering 1o the MIT community and the
public. Mrs. Chatfleld s the daughier of Robert
Bruce Wallace '88. Mr. Wallace was president of the
American Ship Bullding Company and made major
contributions to the deveiopment of inland water-
ways shipping.

Each spring the lecture will be parl of a program
in which MIT's faculty and students can meet with
an eminent figure in the marne tield to discuss
aftlendant cpportunities and problems of technol-
ogy development for ocean uses. A lecturer, chosen
by the MIT Department of Ocean Engineering,

will present a paper to the MIT community and the
public. For the balance of the week, informal
seminam wil allow an exchange of ideas on the
lecture toplc and on & broad range of mutual
Intereata.

Dr. Torgoir Moan, profeasor of marine structures at
the Norweglan Institute of Technology, Trondhelm,
waa the firat Robert Bruce Wallace lecturer. Profes-
sor Moan Is an englneering expert and the author
of numerous papers on fatigue of oftshore struc-
tures and des!gn directions for salety. He recently
served as & member of the Norweglan Royal Com-
niasion which Investigated the March 1960 collapse
of the North Sea oll g, ihe Alexander L. Kielland, a
catastrophic accident which resulted in 123 deaths.
Professor Moan's leclure presenled the Royat
Commission's findings for the first time to a United
Stales audience,

The MIT Sea Grant College Program has joined
with .he MIT Depariment of Ccean Engingering to
publiat the proceedings from the First Robert
Bruce Wallace Lecture to turther the broad dissem-
ination of a detalled examination of this traglc accl-
dent. The lessons learmed have Imporiant impiica-

tions tor the management of otfshore development
worldwide



introduction

On March 27, 1980 at about 6:30 pm, ono of five
codurnns brake off the hotel platform the Alexander
L. Kialland. The plattorm heeled over. When flood-
ing of the hucyancy chambers staried, the platform
conlinued Yo hee! and aink. After about 20 minutes,
it capsized. See Figure 1. Out of the 212 men on
board, 123 lost thelr Hvem.

On March 28, 1980 the Norweglan Government,
through a Royal Decree, and according to the
Narwegian Maritime Law, Paragraph 314, set up an
inguiry commission. The following men were
appolnied ta serve:

Thor Naeshelm, Chalrman
District Judge
Sandnes

Torgelr Moan

Protessor al the Norwegian Institute of Technology
Divislon of Marine Structures

Trondhalm

Par Bekivik
Piattorm Manager, Captain
Arendal

Aksel Kloster

Secrotary at the time of appointment,
later local community enlerpriseé manager
Stord

Sivert Oeveraas

Director

Norwegian Shipowners' Assoctation
QOslo

The mandaie given the Commission was (o inves-
tigate the causes of the accldent. Further, the
Commisaion was asked to evaluale how the litesav-
Ing appliances and the ovacuation and rescue
procadures operaied during the accident. They
were asked to recommend changes to help correct
the ldentifted Inadequacies.

Figure 1

The Alaxander L.
Kiwiiand atlar the accl-
dent,

The Commisalon investigated the braken plattorm
column, column 0, as soon as it was lowed 10
shore. Whaen the Nlebosts and other parts of the
Ifesaving appiiances were found and brought on
shore they, 100, were examined. The Commission
had samples cut irom the D-§ bracing, which
remalned on the Afexandar L. Kisiland, and sent
them 1o two laboratories lor investigetion and mate-
rial testing. The Investigationa undertaken Included,
among other things, chemlcal, mechanical and
metaliographic analysis, and fracture surface siu-
dles. In addition, the Commission asked different
speclalists to carry out hydrodynamic, strength and
stability calculations, and an analysis of the anchor-
Ing ayatem. Experts also assialed the Commission
Int registering and surveying the Ufesaving applian-
ces brought ashore.

The Commission took testimony from 117 wit-
neases and had al Ha disposal other transcripts, as
well as documents and pertinent Information from
poilce hearings, which were being held simultane-
ously with the Commiaaion investigation. Finally,
the Commiasion obtained a number of documents,
such as drawings of the rig, letters ol approval, cer-
titicates, and survey reports which relsted to the
Afoxander L. Kisltand and the accident.

The Commission’s findings are summarized in this
lecture.
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Figure 2 SECTION B-B The Afexander L. Kisfland |s a mabile platform of

General layout of the
Alexander L. Kisliand.

the pentagone type developed in France In 1965-
70. As shown in Figure 2, the platform conslisted of
five pontoons (columns) which made up the major
buoyancy elements. The columns and the deck on
the top were supported by bracings. Figure 3a
shows the starboard slde of the platform with the
location of the hydrophone, a posltioning instru-
ment, on bracing D-6. The hydrophone support
was fixed to the bracing by inner and outer fltlet
welds, as shown In Figure 3b. The platform was
constructed in France after a contract was signed
at the end of 1973 by a French yard and the
Norwegian owners. Figure 4 shows the platiorm
under assembly. The Alexander L. Kielland, the
ninth of the pentagone designs to be fabricated,
was delivered to the owners on July 5, 1976,

It was built as a drilling rig, but was always utliized
as an accommodation platform. The original
capacity of 80 beds had been increased in four
renovations in which new accommeodation contain-
ers were mounted on the deck, forward of the drll-
ling tower. When the last addition was made in
March/April 1978, the platform could accommodaie
348 beds.
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Figure 4

The Alsxander L.
Kialiand during con-
struction in Dun-
kerque. The deck Is
pariially mounted.

The Alaxander L. Kielfland was equipped with certl-
ficates as required by regulations issued by the
Norwegian Maritime Directorate and was ¢claasified
with Det norske Veritas. The Maritime Directorate,
as well as Det norske Veritas, surveyed the rig dur-
ing conatruction and operatlon, using existing rules
and regulations. The inspections revealed only
small, and comparatively insignificant, defects.

The valld rules and regulations did not Include
requiremants on residual strength following struc-
tural damage. However, damage stabillty require-
ments existed and had been applied. They did not
account for the severity of damage experlenced by
the Alexander L. Kielland with the loss of column
D. Existing rules required, as they do now, only that
the rig remain afloat in a stable position atter flood-
ing of up to two adjacent tanks in a column. Water-
tightness was only required for the doors on top of
the columns. This was the case because original
stability calculations tar the platform indicated that
the deck would not be submerged by damage to
the structure. This is directly connected te the fact
that, according to current rules, loss of a column
was not considered at the planning stage. The
designer had allowed for water- and weather-
tightness of the hull by giving the deck ample
strength to withstand water pressure. However, the
specifications for the closing did not use a corres-
ponding standard. To a large extent, the deficiency
was remedied by the builders who worked aut
specification requirements on the tightness of the
closing appliances. This meant that especiaily the
lower part of the deck was designed so the plat-
torm could remain floating for a long time when
closing appllances were shul. In addition, the
operational manual included requirements for
tightening doors and ventilators on the columns
during operation. The same applied to manhole
covers, such as those In oblique bracings, upper
horizontal bracings, and upper nodes. In bad
weather, doors on outside transverse bulkheads in
the deck were also to be closed.

Figure 3a

Locatlon of the hydro-
phone on bracing D-6 of
the Aloxander L.
Kialiand.

Flgure 3b
Hydrophone support
on the bracing D-6 of
the Alexander 1.
Kiefiand.
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Flgure &
Pontoon - column D
with a part of the brac-
Ing D-8. Cracks In the
bracing and the Joint
betweesn the hydro-
phone support and the
bracing.

(11 drmenyiony

Figure 8
Fracture suriace of the
hydrophone support
on the bracing D-8.




The Loss and Its Causes
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Flgure 5

Location of fractures in
the bracings of the
Alexander L. Kiefland,

fractore

On March 27, 1980, the day of the accident, the
Alexander L. Kilelfand lay at anchor In the Ekofisk
fleld, close to the production platiorm Edda 2/7C.
Its position had been nearly the same during the
previous nine months. Because of bad weather,
poor vislbility, a wind velocity of about 16 1o 20
meters per second, and wave heights of about 6 to
10 meters, the plattorm was shifted somewhat away
from Edda 2/7C in the afternoon. The gangway
which connected the two platforms was hoisted on
board the Alexander L. Kielland. About half an hour
later, a few minutes before 6:30 pm, column D
broke off.

Technical-Physical
Accldent Chain

First, bracing D-6 broke off. Then, In rapid succes-
slon, the flve other bracings, which connected
column D to the platfiorm, falled from overloading.
Figure 5 shows the approximate location of the
fractures. Figure 6 illustrates the features of the
fractures in the D-6 bracing.

The fracture in bracing D-6, which Initlated the
structural fallure, was caused by fatigue. Figure 7

displays a sketch of the most signiflcant macroscop-

ic features of the fracture suriace. The so-called
siop-lines, which are typical for a fatigue failure,
show where the crack front had stopped, or pro-
gressad slowly, at different times. (t Is noted that the
hydrophone support |s located In the fracture

cross section. The hydrophone support tube was
Joined to the bracing by two fillet welds. Fractures
had also occurred In, and ad|acent to, these welds
over most of the circumference ol each. See Fig-
ures 8 and 9.
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Figure 7
Sketch of the fracture
surface of bracing D-6.
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Sketch of the fracture
surface of the joints
between the hydro-
phone support and the
bracing.
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PLATE OF HYDROPHONE SUPPORT

10 MM

_INNER FILLET WELD

. i

Figure 10
Longitudinal cross-
sactlon of the plate of
the hydrophone sup-
part. Paint on the frac-
ture surface.

Investigations after the accident revealed a less
than satistactory shape for the fillet weld beads. At
the same time, penetration through the hydro-
phone support plate was rather small. Low strength
and ductliity in the direction of the plate thickness
of the steel material and inferlor quality of the fillet
walds, together with a high stress level in the welds,
resulted in fractures In the welded connection
between the hydrophone support and the bracing,
and In the hydrophone support Itself. Some of the
fractures must have developed before the platform
was mounted. The paint residue (see Figure 10)
found on fracture surfaces is one proof of this. The
residue originates from painting done during con-
struction in the Dunkerque yard. The detection of
palnt proves that at the fabrication stage there was
a crack of at least 70mm length on the Inner fillet
weld. Further cracking occurred as shown in Figure
11 early in the operation of the platiorm.

The fractures in the joint between the hydrophone
support and the bracing resulted in a stress redis-
tribution. As a result, two diametrical points in the
bracing of the hydrophone support opening were
subject to higher loading than before, With the
rough fracture suriaces, this Initiated fatigue cracks
in the bracing Hself at these two points. From both
points, the crack developed along the circumfer-
ence of the bracing. The bracing was weakened to
such an extent that it could no longer withstand the
loads to which it was exposed. When the final crack
occurred, about two thirds of the clrcumference of
the bracing was split. The cracks appeared to have
grown through the plate thickness of the bracing,
no more than 12 months before the final crack It is
possible, however, that this final cracking deve-
loped in a substantlally shorter time,

When bracing D-6 failed, the strength of the
remalning five bracings supporting column D was
barely sufficient to withstand still-water loading,
and they collapsed shortly thereafter.

When column D was lost, the Alexander L. Kilelland
immediately heeled aver to an angle of 30 to 35
degrees. Then the platform stabliized in the sea, as
shown in Figure 12. From this position, It slowly
contlnued to heel and sink, until it lumed upside
dawn about 20 minutes later.

When the platform heeled, downflooding tock
place at once in the trunks, column E and column
C, and possibly the oblique bracings and the dry
tank at the top of column E. See Figure 13. The 1ill-
Ing of the trunks and the oblique bracings were not
sufficlent to overturn the Afexander L. Klelland. For
this to happen, more than half of the deck space
would have had to flll with water. If the deck had
filled by flooding through open drain valves in the
lower deck, the platform should not have capslzed
unttl an hour after the Initial heeling. When the
Alexander L. Kilalland tumed upside down after
only 20 minutes, it s thought that flooding must
have occurred through other openings—doors or
ventllators—In the deck. However, the possibility
that downfiooding took place through holes caused
by damage cannot be completely ruled out.

influence of
Human Management on the
Cause of the Accident

The quallty of the technical system, and thus a fail-
ure condition of the system, is determined by the
actions, or lack of actions taken during the plan-
ning, fabrication and operation of a platiorm, From
this point of view, the maln reason for the structural
fallure was unfortunate design, dimensionlng, and
the material quality of the hydrophone support, and
Its connection to the bracing. Supposedly, at the
planning stage, the hydrophone support was con-
sidered as outfit, not as a part of the load carrying
structure. It is worth noting that no explich evalua-
tion of the resistance agalnst fatigue failure or
lamellar tearing was made for the actual structural
component, despite the fact that the rules of Det
norske Verltas contained such requirements.

Progressive collapse was not a structural design
criterion in the planning of Alexander L. Kisliand.
When the platform was approved, no code for
mobile units included requirements for residual
strength; for instance, bracing failure, Progressive
tailure criteria had, however, already been intro-
duced in certain codes for civil engineering
structures.
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Crack in inner
fitlet weld,
min., 70 mm\’ b
Phase 1
Crack in 1nne|{‘
suter fillet
weld |
1
l/’!

bPhnse 2

Dech volume below
& still water level

Submerged area

Figure 11 (left)
Probable crack devel-
opment In the Joint be-
tween the hydrophone
support and the bracing.
Phase 1. Crack proved
to have occurred during
fabrication,

Phase 2. Probably
cracks at a relatively
early stage.

Flgure 12

Calculated floating
position of the Afex-
ander L. Kieilland In stlll
water after the loss of
¢olumn D.

In addition to the unfortunate design, the controls
of the design were Inadequate and the survey dur-
ing construction and operation failed to unvell
crack defects. The reason for the deficient survey
was that the Inlentions of the regulations do not
seem to have been tully carred out during the
annual Inspection. And to a larger extent, even an
ideal survey, according to the existing rules and
regulations, would not have satisfactorily controlled
the actual crack defects. Both the frequency and,
particularly, the extent of present practices, justity
this statement. To some degree, especially in bulld-
ing surveys, this must be attributed to the lack of
attention to the actual design detall by designers
and those involved In the clagsification soclety. It
might, however, be added that the Commission has
no reason to belleve that the condlitions would have
been essantlally diferent if another classification
society deallng with pentagone rigs had been
responsibie for the control of the Alexander L.
Kielland.

The Commission exposes the Norweglan Maritime
Directorate to scrutiny for the way It executed final
respansibility for the safety control of the structure.
The Maritime Directorate, in accordance with the
regulations, based Its approval solely on valld certl-
fication by the classification soclety. This practice
did not give the Maritime Directorate the apportun-
ity to double check the classification society's
adherence to the rules. It should be pointed out
that practices followed, In particular design control,
have not been in full compliance with the Maritime
Directorate’s own, relatively general, regulations.

Concerning the loss of stabllity, the main reason
the platform heeled, flooded and capsized was that
the design did not anticipate the loss of a complete
column (a main buoyancy member). Neither did
any regulation require stabliity for such a circum-
stance at the time when the Alexander L. Kleiland
was approved.

In addition, deficlent compllance with instructions
for closing appliances contributed to the serious
consequences of the accldent. The unsecured
openings rapidly filled with water In the deck. This
reduced the time in which the rig remained In a
position that allowed personnel to stay on board to
be rescued. Instead many had to jump into the sea.
The chances of surviving for more than hall an
hour In the cold water proved to be minimal.

UFFPLR DECK
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The Evacuation and Rescue Operation

Flgure 14

Lifesaving appliances
on board the Alexander
L. Kleiland.

Submerged part
of upper deck

Lifeboat
Life raft in davit
Life raft

Life jacket box {with number of jackets}

eE]OD'O

Life buoy

The Alexander L. Kielland was equipped with life-
saving appliances as required by regulations. See
Figure 14. Rescue training on board was generally
carried out in accordance with regulations; how-
ever, too much emphasis had been put on lifeboat
practice. Only a few men on board had been given
the safely training in advance, as required by regu-
lations. Although the crew and the catering per-
sonnet on board were required to attend a three-
week Introductory course on safety practices,
theoretical and practical, only four of the persons
on board had participated in this kind of instruc-
tion. One crew member had taken a shorter, two-
week safety course. Conceming the so-called
“hotel guests,” there are no precise requirements In
the regulations regarding thelr safety training.
However, “Arbeldsmiljoeloven” (Workers' Environ-
ment Law), which applies to employees, except for
the mustered personnel, on floating plattorms and
fixed installations, states that all employees shall be
informed about the accident and health risks. This
law applied to the Alexander L. Kielland. Only a
smail number of the hotel guests had fulfilled any
course and, moreover, these courses lasted essen-
tially for one day. Of the 212 men on board the
Alexander L. Klelland the day of the accident, only
76 persons had attended any courses. Among
these, 50 persons had only been through a one-day
course, Studylng those who perished and those
who survived, it appears that the type of training
did not itself improve the chances for surviving the
catastrophic circumstances of the accident. Other
factors, such as experience at sea, seem to have
been more important.

When the aceldent occurred, most people on board
were on the inlermediate deck. See Figure 16.
About 60 were In the mess at the afl end of the plat-
form, and 30 were In the cinema room, adjacent to
the mess. About 60 men sat In the temporary
cinema room amidships. Roughly 30 were in their
cabins, while the rest, about 30 men, were In var-
lous places all over the rig.

The loss of column D resuited immediately in a
heeling angle of about 30 to 35 degrees. The main
and emergency generators stopped, leading to a
tolal blackout. The water started to flow into the
deckhouse. The people first reacted by irying to
find out what had happened; then they moved
toward the lifeboat stations, particularly numbers
five and seven on column B, the highest point ot
the platform; and numbers one and two, at the aft
end of the deck. Most people did not feel there was
enough time to go to their cabins for Ile jackets or
heavier clothes. Figures 15-17 show the escape-
ways used by the survivors.

Because the boxes of lite jackets at the rescue sta-
tions were soon emptied, quite a few people were
left without. Of the 89 persons who were rescued,
53 wore life jackets. Only the crew and some of the
hotel guests had survival sults which were not
prescribed 23 lifesaving equipment. Eight persons
managed to put on survival sults; four of them were
rescued. Four of those who perished and three of
the survivors had not propery closed the zippers.
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Figure 15
Escape ways on the
lower deck.
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Escape ways on the
upper deck,
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Figure 18
Lifeboal number 1 with
damaged wheel house.

Figure 20

Summary of the eva-
cuation and rescue
operation.
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On board the Alexander L Kisiland, there were
seven covered lifeboats, each with seats for 50
men. Four of the boats were lowered without prob-
lems. However, there were problems with the
release of the Hfeboat hooks. The hooks, equipped
with simultaneous release mechanisms, could not
be disengaged under load, a circumstance difficult
to avoid because of the rough seas on the day of
the accident. For this reason three of the boats
were blown against the platiorm and damaged. On
the fourth boat (noted number 1 In Figure 14 and
shown In Figure 18) the aiterpart of the wheelhouse
was crushed. Through an opening caused by the
impact, a man managed to release the afi hook by
hand. Before that, someone had somehow suc-
ceeded In releasing the forward hook {noted
number 5 In Figure 14 and shown In Figure 19). A
fitth boat fell into the water bottom-up when the
platform capsized. In some unknown way, the
hooks had been released. People in the boat, and
pegple outside It, managed by common efiort to
right it.

In regard to the two lifeboats which were success-
fully launched, 26 men on board the first were
rescued by hellcopler a few hours after the acci-
dent. The other boat held 14 persons when It first
entered the seas. After that, 19 persons were pulled
Into the boat from the water. Of these, 12 men were
later taken on board a supply ship, while the other
21 were rescued by helicopters. Those who were
on board the lifeboats claimed they were severely
chilled.

On board the Alexander L. Kisiland there were
inflatable rubber rafts with a total capacity to hold
400 men. The rafts were designed 1o be lowered by
crane or thrown overboard. Unsucceasful attempts
were made to release some of them. Some, how-
ever, were released as a result of the platform list.
The Inflatable systems on some rafts were acfivated
when they hit the water; three men managed to
board. These men were later rescued by supply
vessels. inflatable ratts were also thrown overboard
from Edda 2/7C. The nine men who managed to
board these were holsted aboard a British rescue
hellcopter. Four men were rescued by a supply
vessel from another raft from Edda 2/7C.
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Flgure 19

Starboard side of life-
boat number 5. Nine-
teen men were pulled
from the sea and in
through the open
hatches,

Of all those who must have ended up In the sea
when the Alexander L. Kielland capsized, but were
not taken on board liteboats or rafts, only 14 were
rescued. Of these, seven were taken up by supply
vessels, either directly from the sea or from wreck-
age which they clung to. Most of those who were
taken from the sea were rescued within half an
hour. However, one man who had put on a survival
sult and a life Jacket was in the sea for 2 hours and
35 minutes. :

The approved emergency plan for the Ekoflsk tield
requires that three standby vessels be placed in the
area; each to be stationed in a position that allows
it to reach each platform It serves within 2010 25
minutes. The standby vessel for the Alexandar L.
Kielland did not arrive at the rig until nearly an hour
after the accident. No survivors were rescued by
the standby vessel,

Flgure 20 summarizes the way the survivors evacu-
ated the plattorm and were rescued.

A few minutes after the accident, the Rescue Coor-
dination Center in Stavanger was alerted. The Cen-
ter, working with others, applied for assistance
from rescue centers abroad. They also directed
vessels, many alrcrafl, and helicopters to the area.
The search and rescue operation, all told, Involved
eight hellcopters from Helicopter Services A-S; and
aleven seeking hellcoptors: three were Norweglan,
four were British, two West German and two Dan-
Ish. In addition, six Brittsh Nimrod and one Nor-
weglan Orion aircraft participated in the operation.
Altogether, 71 civillan vessels and nine navy vessels
were engaged in the search and rescue operation.
Three of the navy vessels came from Norway, three
from Great Britain, two from the Netherlands and
one from Denmark. As activity increased, it became
difficuit to maintain an overview to coordinate the
air forces and the vessels In the area. Accordingly,
the Reacue Coordination Center asked the British
Nimrod alrcraft to take command of the air traffic
and a Dutch destroyer to take simlilar responsibili-
ties for the ships in the area. Both the Nimrod air-
craft and the destroyer performed their tasks
eminently.

About an hour after the accident, the Central Hos-
pital In Rogaland established its catastrophe office.
Three-quarters of an hour later, a medical team
from this office went to Sola Alrport to establish a
recepilon center for injured people. In addition, a
voluntary team was flown out to Ekofisk Hotel
where the team took Information on those who
were rescued or had perished. Those rescued were
given first ald as necessary.

Altogether there were 212 men on board the Alex-
ander L. Kielland when the accldent happened; 123
men lost thelr lives.
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Evatuations and Recommendations

General ltemy

In terms of loss of e, the Alexander L. Kieliand
catastropha is the lsrgest platform accldent to date.
The complete sccident polential of plattorms can-
not, howaever, be Judged on the basis of this single
accldent. Statistics for other systems-induced accl-
dents, as opposed to working accidents, are pras-
anted al the end of this paper.

Based on the experlences whth the Aloxander L.
Kialiand and—to a certain axtent—information
aboul other accidenis, the Commission presented
seversl recommendations to improve the safety ol
mobie rig operations. The proposed risk-reduction
actions wre summarized here.

The Commission maintaine that though the author-
ities must decide which, and to what degree, any
recommendations are to be implemented, they
stress the need to improve the satety level for
mobile platforms. The Commission would strongly
emphasize that planning actions almed at Improv-
ing the aafety level shouid be undertaken using n
general, integrated approach. This implles thal the
total risk spectrum, depanding upon the type, func-
tion and operational mode of the platiormn, must be
asaassed by risk analysis. Harards muat be consi-
dered which may Initiste atructural or mooring line
fatiure, losa of flonting abllity and siabliity, loss of
electric power, ot cetera; 30 100, must the Interac-
tion of those hazards that lead 10 human or eco-
nomic loss. Hazards which direclly may cause
injury to personnel must also be included In the liat
of concetns.

Furthermore, risk faciors relating to hardware, such
a8 the structure and equipment, fabrication and
operstional procedures, and personnsl must be
consldered. In particular, risks relating o human
8ITors or omissions must be recognlaed.

A unified approach is necessary to achleve uni-
fied safety requirementa within a level of risk tol-
erance that is acceptable to soclety. The unified
approach recommended by the Commission has
not to date been practiced to an sdequate degree
for mobile platiorms. It should be mentioned, for
example, that while requiremaents regarding
buoyancy and atability under damaged conditions
have existed for some time, there are no require-
ments for bullt-in strengih for such cases,

The need for an overall approach is also sup-
ported by the fact that various salety require-
menis determining the layout may be in confiict
with one another. The platiorm deck provides one
such example. Requirements of load-carrying
capacity, fire-resisting bulkheads, and watertight
bulkheads to supply additional buoyancy suggest
the need for few, small openings. On the other
hand, access during evacuation would be
improved by having as many large openings as
ponsible.

An overall risk evaluation approach is parllcularly
Important when new platforms with increased
size, different layout and function are planned. In
the years to come, new plattorm lechnology is
expected to evolve.

A complete safety evaluation shouid be done In
the planning phase. This Is the time when it would
be easiest and most efficient to reduce the proba-
bility of hazards and their conseguences. At the
same time, approval of new platform planning
shouid preferably take place in two parts: the
concept and the detailed design stages. In this
way, possible changes of the overall layout can
be most easlly accommodated.

On the ather hand. ++ wrs and nmisslons in the
planning phase may be difficzl! to identity and
eliminate later, leading to hazards during con-
struction or atter the plattorm is in operation.
Theretore, it is ol the utmoesi importance that
planning lake place in organizations with man-
agemenl dedicated to safety and that Ihe building
be carrled out by highly quallfled peopte. In this
connection, lhe Commisslon points to the general
need Lo extend education to Include systematic
safety considerations based on practical expe-
rience and on results from research and devel-
opmenl. This applies to unlversity as well as to
vocational educatianal level. It = particularly
Imporiant to utilize experiences and analysls of all
relevant faclors from previous accldents. It s also
necessary lo arrive al betier systems to exchange
accident Information which is sufficiently detailed.

The Commission [s of the opinion thal governmen-
tal authoritles should have the overall responsibliity
for ihe salety of mobile units. The responsibllity
should Include control of the planning, fabrication
and operation of the plattorm that pertaina to hull
and anchoring sysiem strength, floating ability and
stabliity, fire resistance, and evacuation and litesav-
Ing systems. The Interaction between all these fac-
tors Is of prime Importance. The governmental
efforts should be limited to creating the codes lor
salety control work and making sure they are
implemented. In the opinlon of the Commission,
more detalled control should be delegated to other
institutions, such as the classification societies. To
achieve sallsiactory aafety control, It is necessary
to involve a larger number of highly competent
speciallsts. The avallabllity of quallfied personnel Is,
however, Himited and will continue lo be a0 in the
years to come. For thia reason, and because the
clessitication societies atready have established an
organization to cover planning, fabrication and, to
an increasing degree operation, only a moderaie
increase of ibe governmental apparatus for safety
control seems to be necessary for mobile plat-
iorms. The salety control of mobile platforms exer-
cised by Norweglan authoritles has been based
somewhat uncritically on ship design and cpera-
tional experience, without fully recognizing the par-
ticutare of maobile units. At present there are greater
differences between various piatiorm concepts and
between plattorms and ships, than batween various
ship typea. Continued development of platform
technology Is likely to bring about new concepls.
The Commission is, theretore, of the opinton that
the safety management of moblle units should be
better organized to acknowledge the particulars of
plattorms and ensure adeqguate total controd. This
may be achieved by assigning particular respons!-
bilities to certain persons, preferably organized in
separale departments or groups. Besldes doing
salety control work, this personnel should foflow up
research and development work on platform ays-
tems to an Increasing degree.

By considering the general items outlined above, as
well as the particular recommendations with regard
to strength, stability, and lifesaving appliances,
there should be a reevaluation of the satety man-
agement of mobile units. In particular, rules and
regulations should be established and lollowed up
to ensure an improved safety level that Is consistent
among all typea of platforms.



Struciural integrity
of the Plattorm

Per definition, the structure falls when the effect of
the lgad H Is exposed to exceeds its capacity. Fall-
ure fundamentally occurs for two reasons: First,
there is bullt-in probabllity that the load effect wil
exceed the capacity of the structure, For Instance,
platforms are belng dimensioned today for a
chosen finlte level of wave loading. This means
there is atitl a certain probabllity that the load will
exceed the chosen value and a breakdown might
result, The second major reason for fallure is
abnormal load, or sbnormal capacity due to siruc-
tural defects. Abnormal conditions can most often
be iracad 10 ermore or omisslons at the planning,
building, or operational siage. In a few cases, how-
ever, the reason for the abnotmal conditiona may
be truly unknown phenaomena, which are not and
cannol be accounted for.

It fotlows 1hat various short- and long-term sirate-
glies should be used to achieve the desired safety
level for moblle rig operations. The Commission
has pointed 1o the following methods which more
ar less are already In use:

1

Design and dimension the structure and the an-
choring system to ensure adequate safety agalnat
failure and to limit the direct consaquences of
the fallure.

2

Ptan the layout of the structure and equipment to
minimize the probabliity of emrors during construc-
tion and, particulary, operation. Make It easier to
ensure better control during activities such as
Inspection.

3

Design the control or supervising systems for the
planning, bullding and tional atages so that
faults can be Identified and eliminated.

4
Develop, iransfer and utllize new knowledge and
skil.

To obtain Improved safety lor mobile plaiorms it ia,
In the opinlon of the Commisalon, necessary to
Incorporate all these planning and control strate-
gles in the regulations, and to follow them up In
practice,

The first point is the most direct and easy to
Implement. i shouid be recognized In this connec-
tion that no conirol system, or any effort, can com-
pletely efiminate errors and omissions that may
cause abnormal loads or structural defects. The
Commission, theratore, recommends that when
dimensioning a structure, consideration be glven to
small, abnormal loads and abnormal reduction of
bulli-in sirength. At the same time, It |s Important to
prevent smail structural damage from progressing
and resulting in dramatic consequences—3uch as
the collapse or capsize of a whole structure. Design
principles should take into account abnormal con-
ditlons. Special attention shouid be paild to eatab-
lishing criterla for damage and the associaled load-
ing of damaged structures. These criteria shouid be
compatible with those used In the evaluaiion of
damage stabliity.

Further guldance should be given to the design of
structursl detally, Including weided connections,
particularly when flllet wekis are involved. Rules
and reguiations should include specifications for
raiional design and dimensioning of fillet welds for
different kinds of connections,

The Commigston recommends that wherever pos-
sible mobile ptatforms should be better planned for
structural surveys, and with the Idea they will be
monltored in the future. It Is also necessary to pay
more atlention to establishing realistic operationat
procedures for struciural integrity.

The controt of the structural safety should include
the planning, construction and operational phases.
The control system should primartly aim at discov-
ering gross errors of omissions. it I8 recognized
that conlrel cannot be complete, but control can be
made mote eficlent by better systematization—for
Instance, the use of checklists for control of the
planning, and by application of Inspection manuala
to help chack out the platform during the construc-
tion and operationsl phases.

The Inspectlon manuat should Include Intormation
about priority of places to Inspect, Inspection
procedures and methods to be used, as well as
criteria for acceptable damage or defects. The Hke-
lthood for damage and the possible consequences
of damage should be the basls for establishing
such a code of practice. However, the Inspection
manual should be continuously updated during
tabrication and operailon of the actual plattorm and
of similar types of platforms. It is presupposed that
a reporting system which Is suitable for the pur-
pose will be establlshed,

The basis for the control of the platiorm aystem
planning should be the concept liself and relevant
documentation, such as caiculations, drawings.,
material speciications, building and operational
procadures, as well as an inspection handbook.
Total risk analysis or a simliar kind of study should
form the basls for evaluating the inteqrity of struc-
tures, particularly for new platform types. As far as
possibie, one should aim at independent control.
The control instiiutions ought, therefore, to carry
out Independent calculations. Even H a platform
has been subject to approval once, It Is extremely
important thal it be subjected io up-to-date con-
trols, especially if several years pass between the
design and consiruction of a platiorm type. New
knowledge could change the way in which the piat-
toim deaign should be evaluated.

Because the purpoese of the inspections during
construction and operation should be to uncover
grave defects, the inspections should nol concen-
trate on areas where minor damages might sppear,
but instead, careful study should be telescoped on
a lew, critical platform sections. This Is not always
the case at present. To ensure that latent crack
formationa caused during construction are re-
leased, It will be of great importance to carry out an
extensive control of a new platform on the light
waterline, in shelered water, after the first complete
winter it has been In continuous operation. Other-
wise, maln surveys carried oui at two-year Intervals
should be sufficlent. This recommendation Is glven
by the Commission on the condition that the hull
Inspection be carried out with a significantly better
coverage ardl thoroughneas than has been the case
up to how.

Further, more attention should be pald to devising
a better system for education, training, and certifl-
cation of inspectors. The control exercised by
authorities during construction and operation Is
necessarlly pertodic. Between these Inspections the
control has to be performed by the crew on board.
The content of this Intermal control cught to be
more clearly apelied out, and followed up by
attempts to Improve such factors as motivation and
education of the peopie working on the platform.



Floatabllity and Stabliity
of the Platlorm

Loss of stabllity and Its consequences should, in
general, be counteractad by:

1

Deslgning piatiorms with adequale salety margins
to withsiand capsizing and Hooding

2
Implemanting sirateglea {o avold errors and omls-
sions In planning and operation

3
Devising a control system to detect and sliminate
possibie laults

4
Developing, transferring, and utllizing skiil.

Specilically, these recommendations suggesi that
damage stabllity criteria ought to be reevaluated.
Thus, the location and extent of the Initlal damage
or degree of walerfilling that causes a damaged or
fiooded condition should be established on the
basis of the experiences galned from the Alsxander
L. Kielland and other accidents or near accldents.
Other mobile platforms have lost a major buoyancy
mamber and can also provide design Insighis.

Stabliity regulations should also be established to
ensure that there is a realistic satety margin with
respeci to capslzing and progressive flooding when
taking into account the uncertainties pertaining to
stabliity caiculation at the pianning stage. Among
other things, at presant the effect of waves and the
mooring system are not laken direcily inte account
in stabiiity control; wind moment calculations are
especlally uncertain;, and the analysis model used
to calculate flooding is simplitied.

A resvalustion af damage stabliity criterta would
lead to requirements for reserve buoyancy. For
some platiorms there might be a requirement for
reserve buoyancy In the deck struciure. In other
cases, tha required additional buoyancy may be
provided In a ditferent manner. The requirement
should iberefore be tuncilonal and non-apecific.
Only in this way can the design of the deck be
rational and take all possible, conflicting safety
requirements Into account.

At the planning stage, significant efforts can be
made to reduce operationsi errors, particularly in
emergency situations. For Insiance, the deslgn of
the platform can Include appropriate location and
iayout of the marine control room, locallon of open-
Ings, and selection and operation of closing ap-
pllances. Furthermore, more emphasis ought to be
placed on reallstic operational procedures and
making sure the crew understands and can operate
key appilances. Motivation, sducation and training
of operational personnel using maneuvering, bal-
\asting, and mooring operation simulators can help
reduce risk. Where possible, platform design
should not be based on assumptions regarding
execution of emergency steps, such as closing
appllances or carrying oul ballast operations.

The fundamental principles for controlling the sta-
bility should be laid down in reguiations. Besides,
more specific guldelines regarding the practicat
application of the general rules would be useful.
Detalled, non-mandatory guidelines for stabifity
calculations, Interpretation of damage stabllity
criteria, locatlon of openings, technical standards
tar closing appliances, and an outline of opera-
tional procedures should be included as appendi-
ces to the rules.

The cantral ol stabslisly at the planning slage should
be based on an overall view of the platform aystem.

Independent control of stablilty calcuiations using
computers to galr adequate accuracy should be
sought.

The fulfliiment of stablilty requirements would
normally be sensHive to the \ocatlon of polential
downtlooding openings. Therelore, particular aften-
tion should be paid to thelr conlrol.

Checking procedures tor emergency operations
and for operational imilations related 1o siabllity, as
established in the operating manual, ought to be
tightened.

Even though abnormal welght condlitions do not
seem to have contributed to the sciual accldent,
other Information obtalnsed by the Commission
Indicates thal an Improved system lor welghi con-
trot during operation should be established. This
systern ought to Include an Inclining 1est for any
new rig and the continuous registration and report-
Ing of welght. Spot chacks by deplacement and
Inctining tests during operation could possibly be
be usedul.

Consideration should also be given to devetoping
an Improved method to make sure that operational
Inetructions, especilally for emargency situations,
are known, understood, and can be apphed by the
martime personnel.



Evacuation and
RAescue Operations

The Commission's recommendations alm at im-
proving the state of preparedness, bath on board

the platforms and for standby contingency systems.

The Commisaton proposes that authoritles ensure
thal the operators in an area cooperate 1o ascertaln
appropriate slandards for setting requirements. By
coordinating contingency plans among various
aperators, it might be possible to achieve rapld,
more eflective assistance In emergency situations.

With regard to standby is, the Commission Is
proposing that the same arrangement should be
required for all types of piatforms: drilling rigs,
hotel piatforms, and fixed Installations. The re-
quirements should be in accordance with current
rules and reguiations for drilling rigs. This means
thal one standby vessel shall be permanently sta-
tioned for each platiorm al a distance of not more
than one nautical mile,

The Commission further proposes that supply ves-
sels should be equipped wilh lilesaving appliances
so they can efficiently pick up peopie from the sea.

It Is proposed to divide the conlinenial shelt into
hellcopter rescue zones. A reacue helicopter with
permanently mounted rescue holst and a crew
educated and trained for rescue operations should
be located In each zone. In emergency situalions,
the Commission recommends that more efficlent
use might be made of land-based helicopters that
under normal circumatances transport personnel to
and from the platformas.

The Commission recommends that ot least once &
year a coordinated exercise should take place by
activating those field rescue resources included In
the conilngency plan. This might be organized to
include the contingency plans of several operators.
The operators’ onshore contingency plans should
also be tested. This would include such elements
as management and coordination of the operailon
and testing of communtcation lines.

The Commission’s recommendationa on platform
litesaving appliances partly include:

1
Extending the capacity of & few of the existing
appliancen

2
Improving the standard of others

3
Developing new equipment.

First, the Commission recommends a IHeboat cov-
erage of 200 percent for all types of plattorms. The
propoaal is In accordance with the actual require-
menit for fixed installations today. The need for an
overcapacity of liteboats does not seem to be less
for drilling rigs and hotet piatforms, For hotel plat-
forms it seems realistic to take Into account that
about half the number of lifeboats may not be
operative or avaliable as a result of damage by fire,
heeling, unfavorable weather conditions, or a com-
bination of these factors. The Commisslon further
proposes that each platform ghall have 200 percent
coverage of inflatable rafts for 100 persons and 100
percent coverage for the number of persons
exceeding 100. For drilling rigs, this proposal in
practice will not lead to any change in the Intlatable
raft coverage. For the two other types of plattorms,
{e.g., hotel piatiorms) the capacity of inflatable rafts
wiil have to be increased somewhat. Taking into
account the increased coverage of ifeboats, which
the Commission has proposed, a launching system
{or inflatable rafts s considered to be unnecessary.
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The only recommendations given for improvement
of existing Itesaving appllances is concerned with
llfeboats. In the actual accident it was the releasing
mechanism ot the llfeboats which falled. This
releasing system wiil not necessarlly be Improved
by the introduction of liteboat hooks which can be
released while under load. Experlence from a pre-
vious accldent shows that evacuees may panic and
could release the [lfe boat al too high a level sbove
the sea. The Commission, therefore, recommends
an Intensified etiort to improve releasing meche-
nism or to develop another launching arrangement.
in the meantime, the existing equipment should be
improved. For example, the cover plates fitted
argund the releasing hook should be strengthened
to prevent the plates from bending and blocking
the releasing hook. Further, the Commisslon pro-
poses a number of Improvements for equipment
and supplles. For instance, clothing and woolen
carpets shouid be included onboard lifeboats; the
outside of the super-structure and the bottom of
the boats should be fltted with reflectors.

i additlon to existing IHesaving appliances, the
Commission proposes that personnel baskets and
survival sults be required as lifesaving appliances.
The Commission propases that each man on
board shall have his own survival sult, placed In
his cabln. In addition, the Commission proposes
additional coverage of survival sulta of 200 per-
cent. These sults should be appropriately placed
near potential escape routes and al the lifeboat
statlons The Commisslon s of the opinior: that
the experiences from this accident suggesi that
this high coverage of survival sults Is necessary to
ensure thail every person on board a piattorm
shall have a reasonable chance lo get hold of a
survival suit when rapid evacuation ls necessary.

In larger dayrooms and corridors, the inventory
should be fastened to the structure. Floor cover-
ings must provide enough friction to prevent slid-
ing. Cordors and escape ways should be
equipped with separate lamps coupled 1o batter-
les which automatically engage if the main and
emergency power sources fail.

Regarding qualllication requirements for those
who work or live on board a plattorm, the Com-
mission Is of the opinion that an Introductory
salety course should not be limited to the mari-
time crew and catering personnel. Other
employees, and the so-called hotel guests, have
al least the same need for safety training. Dispen-
satlon from the safety training course should be
given only in exceptional cases.

The safety training and the exercises on board
shall include the use of ail lifesaving appliances
on the platform. Training on board should also be
extended to Include testing of the evacuation
procedures. When people first arrive on board &
platiorm they should immediately be glven a tour
and explicitly shown the locations of all ifesaving
equipment. They should alsc be shown the life-
toai stations to which they belong, and the eva-
cuation route to these siations. The education
and training should alm particularly at developing
serious safety consclousness. Motivation of per-
sonnel should be an Important part of this safety
education and training.

Finally, the Commission recommends that clear
guldelines for instruction be given to new person-
nel before they commence thelr duties. These
guidelines should be approved by governmental
authoritles.
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Table 1

Number of sccideris
for plattorms In world-
wide operation during
1 January 1970—31
Decembar 1880
sccording to Inlllating
svenl and sxlant of
structural damage.
Source: Lioyds' [lst

“Mobile plattorms are
shown in paraniheses.
tres and sxplosicns
pecurring ln connec-
fion with blow-oule do
nol belong 1o this cate-
gory un the inltiating
aveni.

“This category Includes
siruclural tallures thet
are nol spparently
included by rough
westher or accidentsl
lopda. Henge, accl-
dents crused by a dafi-
chenl struclure belong
to this calegory.

Table 2

Number of iuinl sccl-
denis occurring In
connsction with plat-
formas in worldwide
operation during 1
January 1970—

31 December 1980
sccording to initieting
wvent and satent of
siructural damage.
Source: Lloyds’ lisi

Inltiating Event

Weather
Collision
Blow-out
Leakage
Machinery, etc,
Fire®
Explesion®
Qut of poslilen
Foundaring
Qrounding
Capslzing
Structural strength®
Other

Sum

Initiating Event

Woeather
Colllsion
Blow-out
Loakage
Machinery, etc.
Fire®
Explosion®
Qul of position
Foundering
Grounding
Capsizing
Structural sirength®
Other

Sum

Structural Loss to Al Platforms”

Total
7
4{ 3
15( 5)
1 0)
N
20 0
401
21
iy
1 1)
200
52 (25)

Severe
120104
5( %%
13 NH
22
201
8(2
(2
6{ €
40 4
6( 4
n
62 (40)

Woderate

30 22)
17 (1)
150 9
k)]
5( 4
2012
10 &
3(
302
3N
20014
10
130 (84)

Structural Loss to All Plattorms®

Total
1M
1m
401}

44
10}

12(8)

Savere
14 1}
8l &
1{ 1}
1{0)
4 2
1H N
Iy

17 (12)

Moderate

2
10
10
5

, m.. .

1
140}

12(n

Minor
21{17)
21{18)
14( 7
5( 6)
18(12)
g{ 6}

5(2
1(1
25 (20)
12{ @)
132 97)

Minor
1
1{ 0
2{ 0
5( 4

8( 4

LA

" 19 (11-}

Suin
No
9{ 8 79( 60}
23{12) 70{ 45}
13{ & 7a{ 34
It 2) arn
— 13{ 11}
- a8{ 27
1( 0} 25( 12
8¢ 4 9( 6
~ a1
1{% 1H 12
— 19{ 1N
2(2 54( 41)
15 (10) 33( 18)
T3 {45) 449 (291)
Sum
No o
LTI
TN
St
- 1Y
- TR
- 40
— 15( 8
T
e
- wue
e
- T w2
200 szc_:;é_}_” -
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InHiating Event Struciural Loss to All Platforms® Sum ‘L‘E:E?Err’?‘anf‘:e'g": ;gr
Total Severs Modserate Minor No g::'r::;‘g: :"u‘;g:‘i""d‘

Weather 1319 - - - - 1013 Daeewaer 1980 accord-

Collision 11 B( 8 - a0 4 17(0) 30¢ 13 ing 10 I ractural

Blow-out 12{ 5 35 (26} 20 (20} I(m - 70 50 g:r:r:g?‘unydl' lisi

Leakage — 1N - - - AR}

Machinery, etc. — — 10 % — — 10 1

Flrg® - 7{0) 200 B(0O) - 70 0

Explosion® 44 O 8{ 2 1t{ & {8 - 3412

Oul of position —_ - — - — _

Foundering — — 101 - - 1 1

Grounding — 6( 6) - - - 6{ 6

Capslzing 93{ 9% 6{ 6} 109 - - 100 (100)

Structural strengtht 123 (123) - 0 W07 141 137 {139}

Other - - - 4( 2 - 40 2

Sum 246 (235) 71 {49) 39 (25) 40 (21} 18{1) 414 (341)

Data of aystems Induced accidents for the perlod-—
January 1970 to January 1981, as complled from
Lioyd's list by Det norske Verlias, are used. While
the data for accidents resulting in major structural
damage are extensive, the statlstics for smaller
accidents are Incomplete because of Insutficlent
reporting. The statistics jor moblis platforms are
befieved to be more complete than those tor fixed
structures. Furthbermore, the quality of the reporting
system lor diferent geographical locations varles.
For these reasons the statistics should be Infer-
preted with cautlon.

Table 1 shows the distribution of accidents, sccord-
ing to severity of the structural damage and imme-
diate cause for all plattorms including mobile ones.
In Table 2 only accldents Involving fatallties are
categorized according to the above pattern. Table 3
showa the number of fatallties.

The statistics quoted have several implications. For
Instance, 10 to 15 percenl of the accidents involving
any kind of structural damage Involve latalities;
when the damage | total or severe the perceniage
Increases to 25 percent,

There have clearly been more major structural
accidents with mobile uniis than with fixed plat-
forms. Because the number of fixed plattorms ls
roughly flve times greater than the number of
moblie ones, the accldent rate for moblle plattorma
Is over five times that of fixed platforms. The
number of livea losi and the jatality rate have also
been greater lor moblle rigs than for fixed
plattorms.

The reason mobile plattorms experence accl-
dents mare frequently than fixed platforms under
operatlon may, among other things, be that:

1

Errors during operations—auch as moving, ballast-
Ing. anchoring, which are particuiar for mobile
rigs—represent a risk factor

2
Loss of buoyancy and stabillty are faliure modes
only associated with moblle platforms

3

The consequence of structural damage may be
greater for a mobile unit because such damage can
lead to flooding and consequent loss of buoyancy,
as well as the direct loss of load-carrying capacity.

According 1o the statistics shown, one of abowt 100
maobile platorms expetiences a major pccident each
year.

H should be observed that moblle units constitule a
vartety of structural types. The accldent and tatailty
rates ditfer among these structures. The acciden!
rale relating to severe or total structural losses is,
tor Instance, about two 1o four timea grester tor
Jack-ups than for semi-submersibles. However,
fatality rates do not differ significantly between
these two types of platforms.

As 1ar as the Initlallon of accidenis is concemed,
Table 1 Indicates that weather—and, as It tums out
to be in many cases, maloperation—are Important
tactors for moblle units. Colllsions, blow-outs, fire
and Inadequate structural strength also frequently
result In accidents. Most accldents on fixed plal-
forms are caused by blow-outs, fires, collisions,
and weather.

Tables 2 and 3 show that most faial accldents per-
taining to moblle plattorms are caused by blow-
outs, expliosions, capsizing and inadequate
strength. It Is noted that two categories, capsizing
and Inadequate structure, sccounted for 60 percent
of the fataitties. Mosat fatal accidents In connection
with fixed platforms have been induced by blow-
outs and explosions. The accidents which have
caused most fatalities are due to biow-outs, sxpio-
sionhs, and collisions.
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This lacture was based on the Alexander L. Kisl-
fand - Ulykken Report by the Commission set up
by the Norwegian Governmeni by a Royal Decree
of March 28, 1980, Report NOU 1381:11, Oslo,
March 1981 (In Nerweglan with a summary In
Enghsh).






